Background: The adjusted clinical group (ACG) is a diagnosis-based case-mix adjustment system, which has been widely evaluated in several countries other than Taiwan. The aim of this study was to assess the performance of the ACG system on the National Health Insurance (NHI) population in Taiwan. Methods: We conducted longitudinal data analysis using the claims data of 1% of randomly sampled NHI enrollees from 2000 to 2004. The ACG software was used to assign each individual to 1 ACG category based on age, gender and aggregating diagnoses in each year from 2000 to 2004, respectively. The ACG distribution patterns and their relationships to expenditure were examined. Explanatory ability as measured by adjusted R 2 of the ACG system for same-year and next-year ambulatory and inpatient expenditure were examined by multivariate regression models for each year.
Introduction
Taiwan launched its National Health Insurance (NHI) program in 1995. Although the NHI has decreased people's financial barriers to accessing health care, escalating medical expenditure have exceeded revenue from premiums since 1998. 1 In light of increasing medical needs and financial shortage, reform has been initiated with the goal of establishing an equitable, efficient and high-quality health care system. 2 The introduction of valid risk adjustment mechanisms is widely believed to be crucial to maintaining equity while pursuing efficiency. In the 1990s, the Johns Hopkins adjusted clinical groups (ACGs) casemix adjustment system was developed using medical diagnosis codes from administrative data to directly ORIGINAL ARTICLE Explanatory Ability of the ACG System Regarding the Utilization and Expenditure of the National Health Insurance Population in Taiwan-A 5-year Analysis quantify the overall requirement for resources based on diagnoses for individuals. 3, 4 The ACG system takes into account a person's mix of diseases that stretches across visits, facilities and providers over a defined time period, typically 1 year. Each ACG category is used as an estimate for a group of patients with the same constellation of morbidities, thereby indicating the need for care of each category of patient. The validity and reliability of the ACG system has been widely evaluated in the United States, [3] [4] [5] Canada, 6, 7 and several European countries. [8] [9] [10] [11] [12] [13] Previous studies conducted in these countries found that the ACG system had satisfactory explanatory ability regarding the variance of same-year and next-year ambulatory and inpatient services. 4, 7, 14 Therefore, the ACG system has been applied to capitation rate adjustment, 15, 16 performance profiling, [17] [18] [19] [20] prediction of resource utilization, 21, 22 and health services research. [23] [24] [25] Recently, the explanatory ability of the ACG system has been further enhanced by adding sophisticated statistical components such as ACG-predictive modeling (ACG-PM). 26 Theoretically, Taiwan's NHI should be the ideal setting for adoption of the ACG system because all required input data are readily available. However, there have only been 2 studies conducted for the Taiwanese population, both covering very limited time frames. 27, 28 Although these studies revealed that the ACG system worked well for veterans and sampled NHI populations in a given year, it remains unclear as to whether or not the explanatory ability is robust across years. Therefore, the aim of this study was to assess the performance of the ACG system on the NHI population from a longitudinal perspective.
Methods

Setting and data sources
We conducted longitudinal data analysis using the claims data of 1% of randomly sampled NHI enrollees in Taiwan from 2000 to 2004. This data set was issued by the National Health Research Institutes, Taiwan, for research purposes. The database provides comprehensive individual-level age, gender, ICD-9-CM codes, and expenditure for each ambulatory and hospital claim. Encrypted claims data of the sampled cohort population who were enrolled in the NHI program in 2000 were retrieved and followed-up for 5 years until December 31, 2004 . An individual-specific analytic file was constructed by retrieving and aggregating each individual's age, gender, all diagnosis codes, ambulatory visits, ambulatory expenditure, inpatient expenditure, and total medical expenditure reimbursed by the NHI over each 12-month period from 2000 to 2004, respectively.
ADG, ACG and PRI assignment
The ACG software (version 7.0) 26 was used without modification of the developers' grouping algorithm. This algorithm enables each diagnosis to be classified into 1 of 32 clinically cogent morbidity clusters, named aggregated diagnosis groups (ADGs), according to the likely persistence of the condition, grade of severity, etiology, diagnostic certainty, and need for specialty care. The individual's total number of unique ADGs, together with his/her age and gender, are used to group each case into mutually exclusive morbidity clusters, named ACGs. Each individual was assigned 1 or more ADGs but only 1 of the total 89 ACGs in a given year.
ACG-PM is a process that applies existing patients' risk factor variables to prospectively identify persons with high medical needs who are at risk for aboveaverage future medical service utilization. The risk factor variables used in ACG-PM include: age groups, sex, ACGs, hospital dominant markers (50% or higher probability of future admission), dichotomous medically frail markers, and specific disease markers indicating either common high-cost chronic illnesses or uncommon conditions that have high impact on both cost and health. The ACG-PM software produces 2 types of predictive risk factors: first, the probability score representing the likelihood that a member will be among those persons using extraordinary health care resources in the coming year and, second, a predictive resource index (PRI) that expresses anticipated resource use as a relative value. 26 The PRI is applied to calculate expected resource use in the next year. We calculated the PRI for each individual based on his/her prior-year number of visits (PRI-v), ambulatory expenditure (PRI-a), inpatient expenditure (PRI-i), and total NHI expenditure (PRI-t), respectively.
Data analysis
All data were analyzed using STATA version 8 (Stata Corp., College Park, TX, USA); p values were 2-sided, with the significance level set at 0.05. The application of the data sets was reviewed and approved by the Institutional Review Board of the National Health Research Institutes. All the personal identifiers were encrypted and modified to protect patient privacy and confidentiality before the data were released. 
ACGs and utilization distributions
Concurrent analysis
The explanatory abilities of ACGs and their ADG components regarding same-year variance of visits, and ambulatory, inpatient and total expenditure were examined. In accordance with the methodologies used in previous validation studies, 3, 11 
Prospective analysis
The explanatory abilities of each individual's ADGs, ACGs and PRI regarding his/her next-year variance of 99%-truncated utilization and expenditure were examined by 6 regression models. Model 1b consisted of each individual's age and gender; Model 2b consisted of each individual's age, gender and total number of unique ADGs in a given year; Model 3b consisted of age, gender and 32 ADG dummy variables; Model 4b consisted of ACG dummy variables; and Model 5b consisted of different kinds of PRI (PRI-v, PRI-a, PRI-i, PRI-t) as continuous independent variables. We used prior-year visits, and ambulatory, inpatient and total expenditure as independent variables in Model 6b to examine the explanatory ability of prior-year utilization.
Results
ACG assignment
Claims data retrieved from a total of 184,275 sampled cases were used; mean age in 2000 was 33 years. An average of 98.1% of the total population could be assigned to 1 of the 89 ACG categories. The grouping rate was highest in 2003 (99.2%) and lowest in 2002 (97.8%). The reasons for unmatched grouping were miscoding of age (45%), gender of newborns (21%), incomplete information on immigrants and laborers from other countries (14%), and ICD-9 codes (8%). Table 1 .0% of the total population was assigned to ACG 0300, followed by ACG 4910, ACG 2400, ACG 3400, and ACG 1800. People were unequally distributed among ACGs. The most assigned 5 ACGs included 34.1% of the total population and the top 25 most assigned ACGs included 80.2% of the total population. The details of ACG assignment in each year are listed in the Appendix.
Explanatory ability of ACG in Taiwan 
Concurrent analyses
The explanatory abilities of each regression model to the variance of same-year visits and expenditure are listed in Tables 2 and 3 For ambulatory expenditure, Model 1a explained 11.5-13.7% of the variance, and the explanatory ability increased to 41.4-46.0% in Model 2a and to 46.0-52.4% in Model 3a. Model 4a explained 41.5-46.6% of the variance in same-year ambulatory expenditure. The explanatory ability of all models was quite consistent across years. For inpatient expenditure, Model 1a explained only 1.0-1.3% of the variance, and the explanatory power increased to 2.1-2.8% for Model 2a, and to 8.1-9.9% for Model 3a. Model 4a explained 7.8-9.8% of the variance. The explanatory ability to inpatient expenditure was lower than that to ambulatory visits and expenditure.
For total expenditure, Model 1a explained only 3.2-3.9% of the variance, and the explanatory power increased to 9.0-10.8% for Model 2a and to 16.2-19.2% for Model 3a. Model 4a explained 15.8-18.2% of the variance in same-year total NHI expenditure.
Prospective analyses
The explanatory abilities of each model regarding the variance of next-year visits and expenditure are listed in Tables 2 and 3 
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Discussion
The ACG system worked well across years
Our study shows that the majority of the NHI population can be appropriately assigned to ACG categories. There are several advantages to adopting the ACG system in Taiwan. First, the administrative barriers are low for providers because they have used the ICD-9-CM coding system and uploaded the data to the Bureau of NHI (BNHI) on a regular basis since 2000. As a single-payer system, the BNHI possesses all required inputs on a national basis for operating the ACG system. Second, although the accuracy of diagnosis coding has not been verified, the coding quality is acceptable for the purpose of running the ACG system given that the percentage of non-grouped diagnosis codes was considerably lower than the 5% recommended by the developers. 26 Third, the reliability of the system is also recognized given the finding that the distributions of ACGs were highly consistent for the cohort population across 5 years.
Satisfactory explanatory ability
This study found that the explanatory ability of the ACG system was quite stable across years and compatible with previous studies conducted in other countries. 3, 7, 11, 12 Regarding the variance of same-year ambulatory expenditure, the explanatory power of the ADG-based model to the Taiwanese population was quite similar to that of people in the United States (42-49%) 3 and Canada (Manitoba, 50.1%). 7 The explanatory power of the ACG-based model was nearly the same between Taiwan (41-46%) and Manitoba, Canada, 7 and was a little higher than that in the United States (34-39%) 3 and Sweden (38%).
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The explanatory ability for next-year ambulatory expenditure of the NHI population (20-22%) was also similar to that of the United States (18-21%) 3 and Canada (21-26%). 7 This international comparability is noteworthy given the differences in the health care delivery and reimbursement systems and people's behaviors between Taiwan and those countries.
However, some limitations to the generalizability of our results should be mentioned. First, the accuracy of these diagnoses has not been systematically estimated and, thus, the validity of the ACG system is still potentially threatened by the degree of coding accuracy. However, compared to other encounter-based systems, the ACG system is relatively robust because the exact diagnostic code is not of prime importance to the system. The crucial point is that the code belongs to the right cluster of diagnoses in terms of ADGs, resulting in the expression of each patient's health status as a combination of different types of morbidity. 10 Second, clinicians might assign provisional diagnoses in the first few encounters. The inclusion of provisional diagnoses may cause an increase in the ability of case-mix to explain ambulatory expenditure. Third, the explanatory ability of the ACG system regarding ambulatory visits and expenditure was significantly better than inpatient and total expenditure. The ACG system was originally designed for ambulatory use, and inpatient expenditure might be too diverse to fit the limited number of ACG categories. Fourth, because claims data are highly protected, they could not be linked to other databases, and so we examined only how well ACGs explained what levels of services were actually provided rather than those that were really needed.
Policy implications
Recent studies have found that an individual's health care needs and costs are correlated with his/her total morbidity burdens instead of the particular disease he/she may have. 29, 30 Therefore, accurate methods are needed for estimating an individual's and a population's morbidity burdens, otherwise, the payment scheme would be misaligned with health care needs. 7 Traditionally, age and gender data were widely used for risk adjustment because they are easy to get and hard to manipulate. This study, as well as other studies conducted in Sweden (11.4%), 11 Canada (Manitoba, 8.1%), 7 and the United States (3-6%), 3 highlights the limitations of age and gender in risk adjustment. On the other hand, prior utilization and expenditure had the highest predictive ability, but their disadvantage is to encourage utilization rather than efficiency. For many countries and insurers, population morbidity burdens have replaced or added to the original demographic data and prior utilization in the equation of resource allocation. For instance, the Risk Adjustment Reform Act of Germany mandates the move from a demographics-based (age, sex, disability status) to a morbidity-based case-mix adjustment mechanism to allocate resources among sicknesses. 31 We suggest that the ACG system can be applied to measure morbidity burdens on a population basis in Taiwan. The Department of Health or the BNHI can use the ACG system to obtain information on people's morbidity burdens rather than just on disease patterns. The same method can also be applied to certain groups of people, such as servicemen, veterans, farmers, and aborigines, for the purpose of comparing their morbidity patterns to those of the general population. Furthermore, the annual total budget of the NHI program is capped for cost containment. Budget allocation is mainly based on residents' mean age, gender, standardized mortality rate, and prior-year expenditure of a given NHI administrative branch. Residents' morbidity burdens have not yet been considered as predictors of next-year expenditure. More studies are needed to assess the feasibility of adding ACG-based morbidity burden variables in budget allocation equations, especially for ambulatory care budget.
In conclusion, our study found substantial feasibility and reliability in the ACG system to measure morbidity burdens and to explain the variance of ambulatory visits and expenditure of the Taiwanese population. Although the quality of diagnosis coding needs to be continuously improved, appropriate use of the ACG system can aid health care authorities in their efforts toward an equitable and efficient NHI. 
